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Introduction
Although mercury is a universal contaminant in the biosphere, its distribution is not uniform (U.S. Environmental Protection Agency [USEPA], 2001b; Gulf States Marine Fisheries Commission, 2002) . Mercury sources can be natural or anthropogenic. Natural mercury sources include volcanoes and geothermal activity, forest fires, degassing of sediment or rock containing mercury, and seawater evaporation. The majority of anthropogenic sources of mercury include combustion processes where mercury is emitted as a byproduct, mining practices, sewage discharge, and metal refining operations (U.S. Environmental Protection Agency, 2006). Understanding mercury distribution, or the fate and transport of mercury contamination, is paramount to protecting fish and wildlife species, as well as the human population. (Florida Department of Environmental Protection, 2007) .
The distribution of mercury depends on local and global source locations, air currents, physiochemical properties of the receiving environments, biotic and abiotic transformations, and biomagnification in certain animal species (Suter, 1993; Beyer and others, 1997) . Much of the world's mercury contamination travels in global air currents until eventual deposition onto land surface. Mercury enters aquatic environments through runoff of land deposits or direct deposition into water bodies. Mercury is biologically transformed to methyl mercury (HgCH 3 ) in the aquatic environment. HgCH 3 has an inherent tendency to concentrate in biological organisms, particularly aquatic species, through incremental increases during transfer from the water to phytoplankton to zooplankton to planktivorous (plankton eating) fish to piscivorous fish, birds, wildlife, and humans (U.S. Environmental Protection Agency, 2001a).
Numerous reports have documented that HgCH 3 is more toxic to fish and wildlife than inorganic forms, such as mercuric II acetate (HgC 4 H 6 O 4 C) and mercurous I chloride (Hg 2 Cl 2 ). These reports include behavioral effects and reproductive impairment resulting from neurological damage caused by HgCH 3 exposure in fish and wildlife (Scherer, 1975; Scheuhammer, 1991; Suter, 1993; Clarkson, 1994; Beyer and others, 1997) . These effects also extend to humans, particularly during prenatal exposure (D'Itri and D'Itri, 1977; U.S. Environmental Protection Agency, 2001a; Gulf States Marine Fisheries Commission, 2002) .
The ten states within the U.S. Fish and Wildlife Service Southeast Region have issued fish consumption advisories due to mercury contamination (Facemire and others, 1995) . More recently, Florida and the other Gulf Coast states have issued statewide mercury-based consumption advisories on select fish species (U.S. Environmental Protection Agency, 2001a ). Additionally, reports of mercury-contaminated fish in northwest Florida are of particular regional concern due to relatively high seafood consumption in the area and seafood's importance to the local economy through fish export and tourism (Brim and others, 1992, 1994; Rider and Adams, 2000) . The problematic effects of elevated mercury levels on wildlife are well documented (Royals and Lange, 1990; Facemire and Chlebowski, 1991; Wood and others, 1993; Adams and others, 1998) , including migratory birds, marine mammals, and other aquatic and semi-aquatic species (Stickney and others, 1975; Heinz, 1979; Gulf States Marine Fisheries Commission, 2002) .
Concerns over potential health risks from the consumption of mercury-contaminated Gulf of Mexico fish instigated the development of a Gulf-wide initiative to examine the extent of mercury contamination in fish (Gulf States Marine Fisheries Commission 2002) . The number of mercury-contaminated fish advisories has increased consistently in the United States over recent years (U.S. Environmental Protection Agency, 2001b). Gulf-states fish consumption advisories are common (up to 100 advisories per year) and often statewide due to unacceptable high levels of mercury found in fish that inhabit various aquatic ecosystems (U.S. Environmental Protection Agency, 2001b). The level of mercury recommended for human fish consumption in Florida is based on the action level of 1.0 part per million (ppm; mg/kg ww), as set by the U.S. Food and Drug Administration and World Health Organization. This recommendation is as follows: unlimited consumption of fish when mercury concentrations are under 0.5 ppm, limited consumption of fish when concentrations are between 0.5 and 1.5 ppm (young children and women of childbearing age are most at risk), and no fish consumption when concentrations exceed 1.5 ppm.
Problems exist with national and global mercury criteria. For example, the level at which mercury is known to be detrimental to the developing child is highly uncertain and under much debate (Clapp and Grandjean, 2002) . Some studies report that negative effect levels are far lower than action levels currently used to warn people of possible dangers (Clapp and Grandjean, 2002) . The action levels of mercury for fish and wildlife are even more uncertain. Additionally, it is not rare for midsized piscivorous fish to contain mercury concentrations that exceed limited consumption thresholds (Brim and others, 1992, 1994; Rider and Adams, 2000) . These fish may serve as sentinels or biological indicators of the level of mercury contamination in piscivorous birds and other fish-eating organisms. Certain mercury levels measured in these fish have been reported to cause behavioral and reproductive problems in fish-eating birds and other piscivorous wildlife species (Stickney and others, 1975 , Heinz, 1979 , Royals and Lange, 1990 , Facemire and Chlebowski 1991 , Wood and others, 1993 , Adams and others, 1998 . However, relatively small sample sizes within selected species have been examined to determine levels of mercury contamination due to the large areas that need to be evaluated. A firm understanding of the relative state of mercury levels in unique ecosystems, such as wildlife refuges, would provide important information for policy development and decision making involving fishery status, management actions, and the need for land acquisition to provide buffers between source inputs and sensitive resources.
National wildlife refuges provide sanctuaries for fish and wildlife resources including federally listed endangered and threatened species, migratory birds, and anadromous fish species. Fish and wildlife species living on wildlife refuges, however, are subject to mercury exposure. Changes in land use can alter the natural environment, resulting in greater than normal concentrations of mercury uptake, which progresses upward through the food chain. The main objective of this study was to conduct a comparative assessment of mercury contamination and fish health indicators for several species of fish from St. Marks National Wildlife Refuge (NWR) and St. Andrew Bay, and to compare these results to State of Florida Fish Consumption Advisories.
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Objectives and Hypotheses (H0)
Evaluate mercury levels in fish musculature from largemouth bass (Micropterus salmoides), spotted seatrout (Cynoscion nebulosus), striped mullet (Mugil cephalus), and sunfish (Lepomis sp.), and conduct area-specific comparisons among species from various trophic levels and/or feeding strategies. Compare sample sites within the St. Marks NWR and St. Andrew Bay (nonnational wildlife refuge area). Compare with other mercury data from previous studies along the Gulf Coast.
Hypothesis: There is no difference between mercury concentrations in fish musculature taken within areas of St. Marks NWR or St. Andrew Bay.
Compare biomarkers of fish health between fish collected at St. Marks NWR and those sampled at St. Andrew Bay. Hypothesis: Biomarkers of fish health are not different between fish collected at St. Marks NWR and fish sampled at St. Andrews Bay (non-national wildlife refuge area). Assess the general and reproductive health of largemouth bass, spotted seatrout, striped mullet, and sunfish with respect to relative mercury contamination. Assessments will include use of total mercury concentrations in fish musculature, gonadosomatic index (GSI), and hepatosomatic index (HSI).
Hypothesis: mercury fish tissue concentration will not be significantly correlated with GSI and HSI. Assess species-specific size and age relative to mercury levels in musculature. Data will be examined to determine relationships between fish size, age, and mercury contamination for potential use in developing slot limits or consumptive restrictions based on size.
Hypothesis: There is no relationship between fish size and the amount of mercury in fish musculature. Hypothesis: There is no relationship between the age of sampled fish and the amount of mercury found in the musculature. Assess the percentage of sampled fish that exceeded State of Florida Fish Consumption Advisories.
The results of these objectives will provide information that benefits local resource managers. For example, knowledge of the state of contamination within and around St. Marks NWR may help resource managers develop management and policy strategies for specific areas that benefit fish and wildlife and mitigate potential risks. Furthermore, finding higher mercury concentrations in fish from St. Andrew Bay (non-national wildlife refuge area) may indicate differences in local mercury inputs and underscore the value of St. Marks NWR and the National Wildlife Refuge System. Lastly, given the increasing industrial and residential development occurring in the Florida Panhandle, resource managers need data on pre-urbanization contaminant loading to better protect trust resources now and in the future.
Methods
Sampling Locations and Fish Collection
Mullet and seatrout were collected from estuarine sites, and sunfish and largemouth bass were collected from freshwater sites within St. Marks NWR ( fig. 1 ) and the St. Andrew Bay watershed ( fig. 2) . A total of 358 adult fish were collected for total mercury analysis. A total of 243 fish were collected from St. Marks NWR; 73 from five sites within estuarine ecosystems and 170 from five sites within freshwater ecosystems. For the St. Andrew Bay watershed, a total of 10 spotted seatrout were caught from two estuarine sites. A composite site sample of 25 striped mullet was purchased from a local commercial fishing supplier (Miller & Ellis Seafood, Panama City, Florida) who had caught the fish in St. Andrew Bay within the past 24 hours. Largemouth bass (n = 40) and sunfish (n = 40) were collected from two freshwater sites. Twenty fish were collected to provide sufficient statistical analysis power, given the variability reported in previous evaluations of mercury contamination of this national wildlife refuge and elsewhere along the Gulf.
All freshwater fish and striped mullet, with the exception of the purchased mullet, were collected with a boat-mounted Smith-Root GPP-9.0 Electrofisher (Vancouver, Washington, USA). Spotted seatrout were collected using traditional rod and reel fishing techniques, using artificial lures as bait. All fish were processed within 24 hours of their collection.
Fish processing was performed according to standard operating procedures (Environmental Protection Agency, 2000) to minimize risk of cross contamination. Generally, measurements were taken upon collection and included length, weight, gonad weight, liver weight, and sex. Sagittal otoliths were collected in the field as fish were processed for inclusion of age as a determinant parameter (Nielson and Johnson, 1983) . Spotted seatrout and mullet otoliths were processed and mounted by the Florida Fish and Wildlife Conservation Commission Fish and Wildlife Research Institute, St. Petersburg, Florida, and age was determined by U.S. Geological Survey-Florida Integrated Science Center (USGS-SESC), Gainesville, Florida (Nielson and Johnson, 1983, Vanderkooy and Guindon-Tisdel, 2003) . Largemouth bass and sunfish otoliths were processed and read by the South Carolina Cooperative Fish and Wildlife Research Unit, Clemson, South Carolina. A muscle tissue sample (fillet without the skin) was taken from the dorsal region, posterior to the first dorsal fin, wrapped in aluminum foil, and placed in a plastic bag on wet ice. Three filet knives were rotated throughout collections. Prior to collecting each sample, individual knives were first rinsed in soapy water, tap water, ethyl-alcohol, and finally acetone to remove possible organics. Upon returning to the laboratory, samples were frozen at -20˚C until mercury analysis was performed.
Mercury Analyses
Total mercury analyses were performed by the USGS-SESC Ecotoxicology Laboratory. Fish musculature samples were analyzed by using a direct mercury analyzer (Milestone DMA-80), and processed using the following USEPA (1998) method:
Controlled heating in an oxygenated decomposition furnace was used to liberate from solid and aqueous samples in the instrument. The sample was dried and then thermally and chemically decomposed within the decomposition furnace. The decomposition products are carried by flowing oxygen to the catalytic section of the furnace. Here, oxidation is completed and halogens and nitrogen/sulfur oxides are trapped. The remaining decomposition products were then carried to an amalgamator that selectively traps mercury. After the system is flushed with oxygen to remove any remaining gases or decomposition products, the amalgamator is rapidly heated, releasing mercury vapor. Flowing oxygen carries the vapor through absorbance cells positioned in the light path of a single wavelength atomic absorption spectrophotometer. Absorbance (peak height or peak area) is measured at 253.7 nm as a function of mercury concentration. The typical working range for this method is 0.05-600 ng and the instrument detection limit for this method is 0.01 ng total mercury. This method is accepted for the Resource Conservation Recovery Act work as method 7473.
Statistical Analyses
With respect to sample location and sex, descriptive statistics were calculated for length (mm), weight (g), age (yr), mercury tissue concentrations (ng/g ww), HSI (liver weight/BW), and GSI (gonad weight/BW) for each species. Prior to comparison, size characteristics, mercury concentrations, and biomarkers were evaluated and met necessary assumptions for parametric tests (normality and homogeneity of variance). Comparisons of endpoints between St. Andrew Bay and St. Marks NWR (Ho #1, #2) were conducted using a mixed model procedure appropriate for nested, unbalanced designs (SAS/STAT software PROC MIXED, Version 9.1.3, SAS Institute, 2000 -2004 to determine if differences existed among size parameters, mercury tissue concentrations, and health indicators. Samples of individual fish were nested within each respective area. Comparisons of size parameters, tissue concentrations, HSI, and GSI were conducted separately for each species and gender because of the ecological and physiological differences between species and genders. For example, endpoints in male bass from St. Andrew Bay were compared to those of male bass from St. Marks NWR. Data are presented as mean ± SE, unless otherwise noted.
Associations among biomarkers were examined with Pearson correlation coefficients to determine interactions between tissue mercury concentrations and size and age (Ho #3) (SAS/STAT software PROC CORR, Version 9.1.3, SAS Institute, 2000 -2004 . Pearson correlation coefficients were also calculated between mercury tissue concentrations and size and age parameters for each species, with genders, sample sites, and areas combined (Ho #4). The reason for examining each species by combining gender, sample sites, and areas for each species was that species-specific length limits are likely the most practical way to manage and set guidelines for fish harvest. For example, if length and mercury tissue concentrations were positively correlated in bass and indicated that bass larger than 12 inches in length are not safe for human consumption, then management guidelines or regulations could be developed that advise or require people to release bass above 12 inches in length.
Correlations among mercury tissue concentrations, HSI, and GSI were conducted to evaluate relationships between health or reproductive endpoints and mercury exposure, because mercury is a neurotoxin (Goyer and Clarkson, 2001 ) and endocrine disruptor (Gross and others, 2003) . Correlations were conducted for each species and gender to control for the species and gender-specific differences that may affect HSI and GSI.
For each sampling site and species, the percentage of sampled fish that exceeded State of Florida Fish Consumption Advisories was calculated as the number of fish with mercury tissue concentrations exceeding advisories divided by the total number of fish collected (specific aim #5). This analysis aids in identifying the extent of mercury contamination within a population within a site and the relative extent of contamination in populations among sites.
Results
Mean length, weight, age, mercury concentration, HSI, and GSI were determined by study area (refuge and non-refuge), sampling site, and sex of each species of fish collected (tables 1-4). The highest mean mercury concentration in fish musculature samples (1.234 ± 0.481 ppm; table 5) was found in largemouth bass from Lake Renfroe ( fig. 1 ) at the St. Marks NWR, and the lowest (0.003 ± 0.002 ppm) was found in striped mullet from the Lower Wakulla River (part of the refuge). The highest individual mercury concentration (2.412 ppm) was detected in a single largemouth bass sample from the St. Marks NWR, and the lowest (0.001 ppm) was detected in a single striped mullet sample, also from the refuge.
Results support the hypothesis that overall differences in mercury tissue concentrations exist among largemouth bass, spotted seatrout, sunfish, and striped mullet ( fig. 3) . Further, the two freshwater species, largemouth bass and sunfish, sampled from the refuge had significantly higher mercury concentrations (p = 0.00002 and p = 3.06 x 10 -8 , respectively) than those from the bay (fig.  4) Conversely, the estuarine species, striped mullet and spotted seatrout, taken from St. Andrew Bay had significantly higher mercury concentrations (p = 0.00008 and 0.01520, respectively, than those from St. Marks NWR (fig. 4) . However, the differences in mercury concentration values in the estuarine species from these two collection areas were not as striking as the differences between the freshwater species ( fig. 4 ; tables 5-7).
Correlations among mercury tissue burdens and fish length, weight, age, HSI, and GSI were evaluated by area, species and sex to determine the relationships among mercury burdens, physical characteristics, and health and reproductive function (tables 6-9). In male and female striped mullet, mercury burdens were positively correlated with GSI ( Length and weight were highly correlated for both female and male largemouth bass (r= 0.96 and 0.92, respectively), female and male sunfish (r=0.93 and 0.92 respectively), and spotted seatrout females (r=0.96) (tables 8-9). Age was significantly correlated with mercury concentration for all species but mullet (tables 8-11). Age was correlated with length and weight for all species (tables 10-11).
To examine the potential for using size limits as a risk guidance tool, the relationships between mercury burdens, length, and age were evaluated for each species (tables 10-11). For largemouth bass, mercury burdens were correlated with age > weight > length, respectively. For sunfish, mercury burdens were correlated with age > length > weight, respectively. For spotted seatrout, mercury burdens were correlated with age > weight > length, respectively. For striped mullet, however, mercury burdens were not correlated with age, weight, or length.
A publication entitled "Your Guide to Eating Fish Caught in Florida," published by the Florida Department of Health (2007), provides consumption guidelines based upon mercury levels in freshwater and marine fish species. Fish that have more than 1.5 ppm of mercury in the edible flesh are considered unsafe for consumption. Those containing less than 0.5 ppm are considered safe for unlimited consumption. Consumption should be limited for fish with concentrations from 0.5 to 1.5 ppm. Using the most conservative consumption guidelines, those for women of childbearing age and young children, the guidelines that correspond to the results of this study, by sampling site and fish species, are available online: (http://fisc.er.usgs.gov/maps/fishconsumptionguidelinesmercurylevels.html).
All of the striped mullet samples that were collected (n = 67) from all sites fell into the category of unlimited consumption. Although the sample size was small (n = 3), all spotted seatrout from Oyster Bay ( fig. 1 ) fell into the category of unlimited consumption; 93 percent of spotted seatrout from the lower Aucilla River (n = 15) also fell into the unlimited consumption category (table 12) . No samples of spotted seatrout fell into the category of no consumption. For largemouth bass, 20 percent of those collected from Otter Lake (n = 20) and Lake Renfroe (n = 10) fell into the category of no consumption, but the remaining 80 percent were categorized as limited consumption (table 13). All largemouth bass from East River Pool (n = 18) were categorized as limited consumption; 50 percent of largemouth bass from the Upper Wakulla River (n = 12) were categorized as limited consumption and 50% as unlimited consumption (table 13) . In addition, 90 percent of largemouth bass from Deer Point Lake (n = 20) were categorized as limited consumption, but 90 percent of largemouth bass from Martin Bayou (n = 20) were categorized as unlimited consumption (table 12) . No samples of sunfish (n = 130) fell into the category of no consumption; however, 100 percent of sunfish (n = 10) collected from Lake Renfroe fell into the category of limited consumption (table 14) . All of the sunfish samples from Martin Bayou (n = 20) and the Upper Wakulla River (n = 20) and 95 percent of those from East River Pool (n = 20) fell into the unlimited consumption category (table 14) .
For spotted seatrout from St. Marks NWR (n = 31), 81 percent fell into the category of unlimited consumption, but only 40 percent of those from St. Andrew Bay (n = 10) fell into the same category. Half of the largemouth bass collected from St. Andrew Bay (n = 40) fell into the category of unlimited consumption, but only 15 percent from St. Marks NWR (n = 80) fell into this category (table 13) .
Discussion
Mercury may be expelled into the environment through natural or anthropogenic sources and may be dispersed locally via an industrial effluent discharge or geographically through atmospheric deposition due to waste incineration or fossil fuel combustion. A survey that examined sediment contamination at the St. Marks NWR revealed that, although mercury contamination of sediments was not found on the refuge, it was found at five nearby non-refuge sites (Hemming and others, 2002) . Urban stormwater runoff, industrial point-source discharges, historic oil spillage, recreational boats, and marina repair operations may be contributing to increased levels of mercury found in sediments of St. Andrew Bay (Brim, 1998) . It is possible that mercury deposition in this region has resulted in increasing concentration of mercury in species of freshwater predatory fishes.
Mercury concentration levels found in musculature from largemouth bass and sunfish at the St. Marks NWR were significantly higher than those found in the same species of fish located near the non-refuge, urbanized St. Andrew Bay area (fig. 4) . Although mercury concentrations found in musculature samples from spotted seatrout and striped mullet at St. Andrew Bay were significantly higher than those found in the same species of fish located at the St. Marks NWR, the spotted seatrout were collected from only one site at St. Andrew Bay, and the sample size (n=10) was relatively small. Collecting an adequate number of spotted seatrout within the legal slot limit at the bay was not possible. The sample of spotted seatrout was collected within West and North bays of St. Andrew Bay. West Bay receives thermal effluent from the Gulf Power Plant cooling system and municipal wastewater effluent from the City of Panama City Beach as well as moderate barge traffic through the Gulf Intracoastal Waterway. North Bay contains adjacent industrial facilities, including light industries, an international airport, and boat repair and manufacturing yards (Brim, 1998) . Possibly because the estuary of the St. Marks NWR has less of these anthropogenic activities, lower levels of mercury were detected in musculature of spotted seatrout and striped mullet. Although statistically different, concentrations of mercury in striped mullet from St. Andrew Bay and St. Marks NWR were low relative to the other three species tested.
GSI, the ratio of gonad weight to body weight, and HSI, the ratio of liver weight to body weight, are commonly used endpoints in whole animal toxicity studies. Although GSI and HSI are not specific to a particular toxicant mechanism, they are good predictors of reproductive success and contaminant stress (Di Giulio and Tillitt, 1999; Slooff and others, 1983) . This study showed positive correlations between mercury burden and GSI in male and female striped mullet. It also showed higher mean GSI values in estuarine fish from St. Andrew Bay, where mercury levels tended to be higher in these species (striped mullet and spotted seatrout). There was no correlative pattern between mercury burden and HSI in any of the species examined. Factors such as species' dietary and reproductive differences, the possible presence of additional contaminants and their synergistic interactions, as well as abiotic factors, such as dissolved oxygen levels, water hardness, salinity and temperature, may explain inconsistencies among these endpoints and mercury concentrations.
Numerous studies monitoring mercury levels in various species of fishes have been performed on a local level within Florida as well as on a national scale. Spotted seatrout collected from the following areas within the state of Florida displayed the following mean mercury concentrations: Apalachicola Bay (0.33 ppm), Charlotte Harbor (0.42 ppm), Florida Everglades (0.43 ppm), Choctawhatchee Bay (0.40 ppm), Indian River Lagoon (0.47 ppm), northeast Florida (0.16 ppm), and Tampa Bay (0.4 ppm) (Adams and others, 2003) . Striped mullet collected from the following areas within the state of Florida displayed mean mercury concentrations: Charlotte Harbor (0.06 ppm), Choctawhatchee Bay (0.12) ppm, Indian River Lagoon (0.06 ppm), Florida Keys/Florida Bay (0.02 ppm), and Tampa Bay (0.08 ppm) (Adams and others, 2003) .
Several species of fish, including spotted seatrout, crevalle jack (Caranx hippos), ladyfish (Elops saurus), bluefish (Pomatomus saltatrix), and gafftopsail catfish (Bagre marinus) that were sampled from Eastern Florida Bay, displayed mercury levels exceeding 0.5 ppm. The forage fish bay anchovy (Anchoa mitchilli), rainwater killifish (Lucania parva), and silver jenny (Eucinostomus gula) from the same area showed much lower mercury concentrations (0.165, 0.125, and 0.820 ug/g, respectively), suggesting that mercury is bioaccumulated as progression in the food chain occurs (Evans and Engel 1998) .
The following mercury levels have been reported in other species of marine and estuarine fish: 0.78 ppm in bull sharks (Carcharhinus leucas) from the Indian River Lagoon, 0.39 ppm in snook (Centropomus undecimalis) from Tampa Bay, 0.68 ppm in gag (Mycteroperca microlepis) from Volusia County, 0.35 ppm in Spanish mackerel (Scomberomorus maculatus) from Apalachicola Bay, and 0.13 ppm in Gulf flounder (Paralichthys albigutta) from Apalachicola Bay (Adams et al. 2003) . Mean total mercury levels in red drum (Sciaenops ocellatus) from the Florida Keys/Florida Bay area were 0.50 ppm (Adams and Onorato, 2005) . The same study also showed that red drum from offshore waters adjacent to Tampa Bay contained mean mercury levels of 0.26 ppm.
Lange and others, (1994) examined mercury concentrations in largemouth bass, bluegill (Lepomis macrochirus), and redear sunfish (L. microlophus) from Lake Tohopekaliga, Florida. The mean mercury concentration for largemouth bass was 0.60 ppm, and the mean for the sunfish was 0.07 ppm. Largemouth bass in Florida also had mercury concentrations of 0.04 ppm from Lake Apopka, 0.15 ppm from Lake George, 0.56 ppm from Lake Istokpoga, 0.34 ppm from Lake Minneola, 0.17 ppm from Lake Okeechobee, 0.19 ppm from Lake Panasofkee, 0.49 ppm from Lake Placid, and 0.86 ppm from Lake Talquin, (Lange and others, 1993) .
On a regional scale, mercury levels were shown by the Gulf States Marine Fisheries Commission (2002) to be relatively consistent within this report's study areas. Spotted seatrout from estuarine areas in Louisiana had mean mercury concentrations of 0.201 ppm, and spotted seatrout from Texas had mean mercury levels of 0.175 ppm (Piehler 2003 , Sager 2004 Dupre and others, 1999) .
Conclusions
(Correspond to Objectives/Hypotheses on p. 3-4)
1. Hypothesis rejected. Results support the hypothesis that mercury concentrations in fish musculature differ between St. Marks National Wildlife Refuge and St. Andrew Bay (nonnational wildlife refuge area). Results also support the hypothesis that there are overall differences in mercury tissue concentrations among largemouth bass, sunfish, spotted seatrout, and striped mullet. The two freshwater species, largemouth bass and sunfish, sampled from the refuge had significantly higher mercury concentrations than those from the bay. 2. Hypothesis partially rejected. Mean gonadosomatic indices for male and female spotted seatrout from St. Andrew Bay were an order of magnitude higher than those for male and female spotted seatrout from St. Marks NWR, and male striped mullet gonadosomatic indices were at least one order of magnitude higher than those for male striped mullet from the refuge. Male and female largemouth bass and sunfish gonadosomatic indices did not differ markedly between areas. There were no consistent differences between areas in hepatosomatic indices for any of the species sampled. 3. Hypothesis partially rejected. Male and female striped mullet had positive correlations between mercury burden and gonadosomatic index, whereas male seatrout, male and female largemouth bass, and sunfish did not (female seatrout approached significance). Female sunfish had a negative correlation between mercury and gonadosomatic index. Mercury burden and hepatosomatic index were not correlated for any sex-species combination. 4. Hypothesis rejected, except for striped mullet. For three of the four species sampled, age, weight, and length were correlated with mercury concentration. In largemouth bass, sunfish, and spotted seatrout, age was the variable most highly correlated with mercury concentration. Weight and length were also correlated, but to a lesser degree. 5. The data collected during the present study are consistent with current advisories posted by the Florida Department of Health for water bodies within the study area, with the exception of Lake Renfroe. In this study, data for Lake Renfroe appear to be more consistent with the "once per month for all other individuals" advisory than the current advisory of "once per week for all other individuals." In addition, with regard to women of childbearing years and young children, data for Lake Renfroe are more consistent with the "do not eat" advisory than the current advisory of "once per month." Also, although the majority of largemouth bass were within the limits set forth by the Florida Department of Health, five individual fish that were collected in this study exceeded the 1.5 part per million limit advisory.
6. Conversely, although the Florida Department of Health recommends limiting the consumption of striped mullet caught in all coastal waters to two per week for women of childbearing age and young children, all samples of striped mullet collected in this study were below the 0.5 part per million limit advisory. 7. For all species but mullet, age, length, and weight were the most highly correlated characteristics with mercury burden. Although age is more expensive and difficult to determine, length and weight are readily determined, and these factors could be reasonable indicators of mercury exposure risk. 8. Periodic monitoring of mercury in St. Marks NWR and other areas in Florida will increase knowledge of mercury content and form in the various environmental compartments and aid in ensuring that fish consumption advisories and ecological risk assessments are based on the most current information. 9. Laboratory experiments in a controlled environment should be performed to validate observations and conclusions presented here on correlation of mercury concentrations with bioindicators, which were based on analyses of field data. (14) 1.6 ± 0.07 (14) 0.69 ± 0.074 (14) Male 364 ± 8.8 (6) 530 ± 37.3 (6) 2 ± 0.3 (4) 3.5 ± 0.52 (6) 1.5 ± 0.08 (6) 0.23 ± 0.079 (6) OCB Female 399 ± 2.5 (2) 770 ± 20 (2) 3 ± 0 (2) 15.1 ± 0.38 (2) 1.7 ± 0.29 (2) 
